Summary Ankylosing spondylitis (AS) leads to osteopenia/ osteoporosis and spine rigidity. We conducted a case-control study and found that AS-affected patients have a 5-fold and 50 % increased risk of clinical spine and all clinical fractures, respectively. Excess risk of both is highest in the first years and warrants an early bone health assessment after diagnosis. Introduction Ankylosing spondylitis (AS) is related to spine rigidity and reduced bone mass, but data on its impact on fracture risk are scarce. We aimed to study the association between AS and clinical fractures using a case-control design. Methods From the Danish Health Registries, we identified all subjects who sustained a fracture in the year 2000 (cases) and matched up to three controls by year of birth, gender and region. Clinically diagnosed AS was identified using International Classification of Diseases, 8th revision (ICD-8; 71249), and International Classification of Diseases, 10th revision (ICD-10; M45) codes. We also studied the impact of AS duration. Conditional logistic regression was used to estimate crude and adjusted odds ratios (ORs) for non-traumatic fractures (any site, clinical spine and non-vertebral) according to AS status and time since AS diagnosis. Multivariate models were adjusted for fracture history, socio-economic status, previous medical consultations, alcoholism and use of oral glucocorticoids. 
Introduction
Ankylosing spondylitis (AS) is one of the most common inflammatory arthritides, with a prevalence of 0.1 to 1.4 % in Caucasian populations [1, 2] . Unlike rheumatoid arthritis, which affects preferentially peripheral joints, AS is characterized by inflammation of the spinal joints. This has two consequences with a potential impact on vertebral fracture risk: firstly, inflammationmediated reduction in bone mineral density [3] and secondly, a progressive bone formation and ankylosis leading, if no effective treatment is provided, to "bamboo spine" [4] . Such a risk is important to quantify, as spine fractures can have devastating consequences for these patients, including neurological sequelae [5, 6] and intra-abdominal injuries, which are more common in AS patients who suffer transversal fractures of the vertebral body (Chance fracture) [7] . In a previous study, we characterized 66 patients with AS who sustained clinical vertebral fractures, mainly after minor trauma [8] : 47 % of these patients reported neurological complications. However, data on the impact of AS on fracture risk is scarce, and fracture prevalence varies greatly in the literature, from as low as 0.4 % to as high as 32 % [9] [10] [11] [12] [13] . This large difference reflects in part the problems of recognition of vertebral fractures in patients with AS: back pain is often misinterpreted as a flare of disease and fractures can be missed on plain radiographs [14] . Previous studies have shown that bone resorption biomarkers are up-regulated in AS patients compared with healthy controls and may correlate with inflammatory activity [15, 16] . Loss of bone mass in both hips and vertebrae due to inflammation are well recognized in patients with severe and long-term AS [17] . Even more worrying, recent findings suggest that even patients with early AS have a low bone mineral density (BMD) and a high prevalence of spine fractures [18, 19] .
In a recently reported retrospective cohort study by our group, we have reported an increased risk of clinical vertebral and non-vertebral fractures among patients with AS [20, 21] .
The aim of the current study was to analyse the association between AS and the risk of non-traumatic fractures (all, clinical spine and non-vertebral) in a case-control study using data from the Danish Health Registries.
Methods

Data source
The extensive nature of registers in Denmark covering contacts to the health sector offers good possibilities for studies on the occurrence of fractures [22] . Using the unique 10-digit civil registry number that is assigned to all Danish citizens shortly after birth, a complete hospital discharge and prescription history can be established for each individual, and valid linkage between population-based registries can be obtained. The unique civil registry number is used in all registers, i.e. if a person buys a drug on prescription, the drug is registered as bought by this individual, and the same applies for admissions to hospitals and contacts to general practitioners for reimbursement purposes.
This case-control study was performed within the Danish population that constituted approximately 5.3 million individuals during the study period.
The study was subject to control by the National Board of Health and the Danish Data Protection Agency.
Study design
This study was designed as a classical case-control study. Cases were all subjects, both genders and all ages, who sustained a fracture during the year 2000. Controls were matched subjects without a fracture in the same year using the criteria below. Exposure was use of drugs and diseases before the date of fracture or a matched index date in the controls. Information on fractures and diseases prior to the fracture was based on hospital records of in-and outpatients.
Identification of fracture cases
In Denmark, the National Hospital Discharge Register covers all contacts (on in-or outpatient basis) to the hospitals [23, 24] . The register was founded in 1977, but outpatient records were first completely incorporated from 1995. The files of the National Hospital Discharge Register include information on the civil registry number of the patient, date of discharge and discharge diagnoses, assigned exclusively by the physician at discharge according to the Danish version of the International Classification of Diseases, 8th revision (ICD-8), until the end of 1993, and to the Danish version of the International Classification of Diseases, 10th revision (ICD-10). The register has nationwide coverage of public hospitals with an almost 100 % completeness of recordings and a high precision of diagnoses [23, 24] , particularly for fracture diagnoses [25] . Using the National Hospital Discharge Register, we identified all subjects who had sustained a clinically apparent fracture between 1 January 2000 and 31 December 2000 (n=124,655). Clinical spine fractures were the primary outcome of interest.
Any non-traumatic clinical fracture (any fracture not presenting with an accident mechanism code signalling a trauma of more than a fall at the same level or less as fracture energy) and non-vertebral clinical fractures were defined as secondary outcomes for this study.
Selection of population-based controls
Using the Civil Registration System, which has electronic records on all changes in vital status, including change of address and date of death for the entire Danish population since 1968, we randomly selected up to three controls for each case, matched by gender, year of birth and region. The controls were selected using the incidence-density sampling technique [26] .
Data on ankylosing spondylitis
Patients with a diagnosis of 71249 (ICD-8) or M45.X (ICD-10) were identified from the National Hospital Discharge Register.
Data on baseline characteristics and potential confounders
Using the National Hospital Discharge Register [23] , we gathered information on the number of days spent in hospital the year preceding fracture (year 1999) and history of a prior fracture in the period 1977-2000. Similarly, data from the National Bureau of Statistics was obtained for a more accurate patient characterization including income, social status, working status and educational status in 1999. The National Health Organisation Register information was then used to study number of contacts to general practitioners and practising specialists for the period 1996 to 2000.
Information on alcoholism was collected as appearance of a diagnosis of alcoholism in the National Hospital Discharge Register [23] or in the Psychiatric Central Register [27] , or a prescription of disulfiram in the Prescription database.
Statistics
Data from the different registers were merged at the National Bureau of Statistics, and for each subject, the 10-digit civil registry number was substituted by a unique anonymous ID.
The analyses of the association between AS and fractures (clinical spine, any non-traumatic and non-vertebral) in the year 2000 (cases vs. controls) were carried out using crude and multivariable conditional logistic regression models. The latter were adjusted for fracture history, annual income, social status, working status, educational status (in the year 1999), number of consultations to general practitioners and practising specialists (in 1996-2000), alcoholism (as defined above) and use of oral NSAIDs and oral corticosteroids. In a sensitivity analysis, we also adjusted the association for use of bisphosphonates and hormone replacement therapy (HRT).
We further stratified the analyses by NSAID use, as previous studies have shown a discordant effect of AS on fracture risk according to NSAID utilization [12, 20, 21] .
Finally, we studied the association between the duration of AS and any clinical fracture by categorizing time since AS clinical diagnosis in quartiles (up to 2.5, >2.5 to 5, >5 to 12.5 and >12.5 years) for the analyses of all fractures and in tertiles (up to 1, >1 to 10 and >10 years) for the analyses of clinical spine fractures. We plotted a smooth spline representation of this association.
All these analyses were performed using Stata 12.0 (StataCorp., College Station, TX) and SPSS 19.0 (SPSS Inc., Chicago Ill.). SPSS was used to generate the datasets from raw data and check the completeness of data, while Stata was used for the actual statistical analyses.
Results
Baseline characteristics for fracture cases and controls are shown in Table 1 . Cases had lower annual income, were more likely to be alcoholic and to have a history of previous fracture, had more comorbidities (Charlson index), and used more drugs with a negative effect on bone metabolism and fracture risk (corticosteroids, antiepileptics, sedatives, etc.). Table 2 ]. None of the observed associations changed after further adjustment for use of bisphosphonates/HRT (data not shown).
The association between AS and any clinical fracture risk varied with AS disease duration: the excess risk was highest in patients with short-term AS of ≤2.5 years (age-and gender-matched OR 2.69 [1.84-3.92]), followed by those with a long-term disease >12.5 years (ageand gender-matched OR 1.48 [1.00-2.20]). No significant increase in any clinical fracture risk was seen for patients with >2.5 to ≤12.5 years since AS diagnosis. After stratifying by NSAID use, the excess risk of any clinical fracture associated with AS appeared stronger in the group of NSAID users, although the interaction term was borderline significant (p for interaction= 0.095). Table 3 shows the OR for overall fracture risk and risk of clinical spine and non-vertebral fractures stratified by NSAID use. 
Discussion
Key findings
We report a strong association between AS and clinical spine fractures, with a 5-fold higher risk amongst AS patients when compared to age-and gender-matched peers. Similarly, AS participants appeared in our study to be at over 50 % increased risk of overall non-traumatic fractures, and non-vertebral fracture risk was almost 40 % higher in the AS patients. All these associations were attenuated and no longer significant after multivariable adjustment for further potential confounders, except for clinical spine fracture risk, that remained more than 4-fold higher in AS participants. Further adjustment for use of drugs with a proved anti-fracture efficacy did not change the observed associations. We want to stress that it is the age-and gender-matched results that are of most interest, as all other confounders might be in the causal pathway, and adjustment for them does only demonstrate that, as expected, AS disease has an impact on patients' socio-economic status, health-care resource use and lifestyle, which might partially account for the observed increased risk of any fracture amongst these patients.
The excess risk of both overall and clinical spine fracture in AS patients peaked in the first 2.5 years following diagnosis and decreased subsequently. This supports the recent data of van der Weijden et al. [18] , who reported an early increase in spine fractures even in early disease. Such results could, in our data, be due to chance findings of silent spine fractures during imaging for the diagnosis of AS, or to the effectiveness of available therapies, which might potentially reduce the deleterious effects of AS both on progressive ankylosis [28] and bone loss [29, 30] . The latter would suggest that fractures in AS are associated with acute flares rather than to longstanding low-grade inflammation, but more data are needed to explain these findings.
Interpretation
A significantly increased risk of clinical spine fractures has been previously reported by a number of authors: Vosse et al. [12] reported an almost 3-fold higher risk of clinical vertebral fractures in a population-based casecontrol study using data from the UK. And a recent parallel cohort study by our group has shown a doubled risk of spine fractures in AS patients when compared to disease-free matched peers [20, 21] . Our current data broadly support these results, and the finding of a higher excess risk in the Danish registries could be due to the nature of the data, study design or health-care differences between these three countries. Cooper et al. [10] conducted a retrospective cohort study including 158 AS patients and concluded that AS patients were at a more than 7-fold higher risk of radiological vertebral fractures, pointing towards an even stronger association, which might be underestimated in our data, where only clinical fractures were accounted for.
According to our results, the association between AS and fracture risk is much weaker in AS patients who do not take NSAIDs. This might be due to either a higher excess risk amongst patients with severe symptomatic disease or to detrimental effects of NSAIDs on bone metabolism including negative effects on fracture healing, and a potential inhibition of syndesmophyte formation. Interestingly, the two other studies that have looked at this found the opposite: in the study by Vosse et al. [12] , as well as in our recent report [20, 21] , AS patients who took NSAIDs regularly did not have an increased fracture risk. A major difference between these two and our current study is that here we use data from 2000, when anti-TNFs were not yet in widespread clinical use. Therefore, it is likely that in our current dataset, a higher utilization of NSAIDs is a proxy for AS severity, which would explain the observed positive association between NSAID use and fractures. However, our analysis for an interaction with NSAID use was underpowered and borderline significant (p value for an interaction=0.095), and therefore these data should be interpreted with caution. Extraarticular involvement of AS might also contribute to the increased fracture risk. Cardiovascular [31] , pulmonary [32] , neurological [33] or other comorbidities [34, 35] can increase bone loss and fractures. However, the early increase in fracture risk in our population makes this possibility unlikely.
Strengths and limitations
The main limitation of this study is the lack of validation of either the exposure (AS) or the outcome of interest (individual fractures). However, coding of fractures has been validated in the Danish Health Registries [36, 37] and shown to be highly accurate. As mentioned above, our methodology is likely to miss asymptomatic fractures (e.g. silent spine fractures), which could translate in a potential underestimation of the observed associations. Finally, we do not have data on AS disease severity (patient reported, imaging or biochemistry) or bone mineral density, which would help us explain the mechanisms underlying the increased risk of fractures in AS patients.
The principal strengths of our study are the large number of participants studied (more than 124,000 fracture cases matched to >373,000 controls) and the representativeness of the data, which was routinely collected in actual practice conditions.
Conclusions
We report that patients with AS are at a more than 5-fold increased risk of vertebral clinical fractures and at a 50 % higher risk of overall non-traumatic fractures, when compared to age-and gender-matched peers. According to our data, the excess risk peaks in the early stages of disease. Thus, AS patients should be assessed for fracture risk as close as possible to the time of diagnosis.
